The present study aimed to evaluate the interaction effects of Arak (Salvadora persica) as feed additive and season on performance of pre-and post-sexual maturity of rabbit males. Ninety-six weaned New Zealand White (NZW) male rabbits aged 30 days with weighing average 586.4 gm (48 in each season) were used during winter and summer seasons. Within each season, two groups were used (24 in each group); the first group fed to ad libitum with commercial rabbit pellets and kept as control group, while the second group fed the same diet supplemented with 0.2% dried Arak powder. Body weight, daily gain, daily feed intake and feed conversion were recorded from weaning up to 70 days of age. Whereas, four rabbits from each group were slaughtered and genitalia were immediately taken and dissected. Blood samples were collected at 150 days of age from five bucks from each group. At maturity age, several reproductive traits were recorded. Results showed that final body weight, daily weight gain, feed intake, feed conversion and weights of genital organs at 70 days of age significantly (P≤0.05) increased with dietary of Arak supplementation. Serum testosterone concentration at 150 days of age (maturity) significantly (P≤0.01) increased with Arak inclusion during winter and summer seasons. The minimum maturity age was obtained by 0.2% Arak inclusion during summer season (151 days). Sexual desire, mating activity, semen-ejaculate volume, advancedsperm motility%, sperm-cell concentration and total-sperm output were significantly (P≤0.01) affected by Arak inclusion, season and their interactions. 268 EL SAWY et al.
Therefore, purpose of the present study was to evaluate how various reproductive traits and the pre-and post-sexual maturity of NZW rabbit males are affected by season, including Arak (Salvadora persica) as a dietary feed additive and their interactions.
MATERIALS AND METHODS

1-Location and seasons:
The present work was carried out in a Rabbitry near El-Hawamdia City, Giza Province, Egypt, during cold season (December to February) and hot climate (June to August).
2-Animals and feeding:
A total number of 96 weaned males (30 days) average 586.4 gm of New Zealand White rabbits (NZW) (48 in each season) were used during winter and summer seasons. Within each season, two groups were used (24 in each group). The first group was kept untreated to serve as a control, while the another group was fed the same diet supplemented with 0.2% dried Arak powder. The Arak roots of the plant were cut into small pieces and allowed to dry at room temperature for 2 days and were then ground to powder in a ball mill. Experimental rabbits were healthy and kept under the same management and hygienic conditions. Rabbits fed ad libitum with commercial rabbit pellets containing 17.0% CP, 13.3% CF and 2500 kcal DE/kg diet according to NRC (1977) . Chemical composition of Arak was determined in duplicate according to AOAC (2006) , containing (% DM): 27.9 ash, 12.4 crude protein, 1.75 ether extract, 50.0 nitrogen free extract and 7.95 crude fiber.
3-Housing:
Weaned bunnies were housed in metal cages with diameters of 40×40×30 cm (two bunnies/cage), while adult male rabbits were housed separately in individual cages with diameters of 50×60×35cm of conventional universal galvanized wire batteries. All cages were equipped with feeding hoppers, which were made of galvanized steel sheets, and nipples for automatic drinking. The batteries were located in a well ventilated building. Averages of ambient temperature (AT, °C ), relative humidity (RH %) were daily recorded, then, the temperature humidity index (THI units) was calculated using the equation proposed by Marai et al., (2001) The values obtained are then classified as absence of heat stress (<27.8), moderate heat stress (27.8-28.8) , severe heat stress (28.9-29.9) and very severe heat stress (≥30.0) as shown in Table 1 . 
Measurements: 1-At 70 days of age:
Body weight (BW, g), daily body weight gain (DBWG, g) and daily feed intake (DFI, g) were recorded for each rabbit during the growing period from weaning (30 days of age) up to slaughtering commercial age (70 days of age). Feed conversion (FC) was calculated as a ratio of g feed/g gain.
Four growing rabbit males from each experimental group were randomly slaughtered (by bleeding). Genitalia were immediately taken after slaughter and dissections were performed. Weights of pituitary gland, testes, epididymis and sexual accessory glands were recorded. Their relative weights were expressed with respect to live body weight, as described by (Meshreky Samia et al., 2005) .
2-Blood parameters: 2-1-At slaughter test:
Blood samples of growing rabbits were collected into dry clean centrifuge tubes during slaughter. Serum was separated by centrifugation at 3000 r.p.m. for 20 minutes and kept in a deep freezer at -20 °C until biochemical analysis. Total protein (TP, g/dl); albumin (Alb, g/dl) were determined and globulin (Glob, g/dl) was obtained by subtracting the values of albumin from the corresponding values of total protein. The activities of alanine aminotransferase (ALT, U/l) and aspartate aminotransferase (AST, U/l) were estimated.
2-2-At puberty and sexual maturity:
At 150 days of age three ml of blood samples were collected between 08.00 and 09.00 am from the marginal ear vein of five bucks from each group. Serum was separated by centrifugation at 3000 r.p.m. for 20 min and kept at -20 °C until hormonal assay. Serum testosterone (T) (ng/ml) hormone concentration of the rabbit males was determined using RIA kits (Immunotech, A Coulter Co., Czech Republic) in accordance with the manufacturer's information. The minimum detectable limit was 0.20 ng/ml and inter-&-intra-assay coefficients of variation for T assay were 10.8 and 5%, respectively. All samples were run in duplicate and assayed by the same operator, which was blind to the experimental situation.
3-At sexual maturity:
At sexual maturity (6 months), the body weight and age of fifteen rabbit bucks from each group were recorded. Scrotal circumference (n = 15 rabbits per group) was measured by the method described by Boiti et al., (2005) . Testicular index (length × width × depth) (n = 15 rabbits per group) was calculated in cubic centimeters as recorded by Castellini et al., (2006) .
4-Semen quality:
Semen was artificially collected twice a week from ten bucks at 6 months of age for four weeks from each group by an artificial vagina as described by Boiti et al., (2005) . Immediately after collection, semen ejaculate volume (ml), advanced sperm motility%, live spermatozoa%, morphological normal spermatozoa%, acrosomal damages%, sperm-cell concentration (N×10 6 /ml) and total-sperm output (N×10 6 /ejaculate) were estimated according to Boiti et al., (2005) and Castellini et al., (2006) . Libido (sexual desire) was assessed in terms of reaction time in seconds estimated from the time of introducing doe to the buck until the buck started to mount (Castellini et al., 2006) . Mating activity (frequency of mating within 15 minutes) of ten bucks was determined using sexually receptive does.
Statistical analysis:
Data of the experiment was statistically analyzed according to SPSS (2012) computer program using the following fixed model:-Y ijk = + S i + T j + ST ij + e ijk , Where: Y ijk =An observation, =The overall mean, common element to all observations; S i =The fixed effect of the season (i=1&2); T j =The fixed effect of treatment (j=1&2); ST ij= The interaction effect (ij=1,2,3,4); e ijk = Random error component assumed to be normally distributed.
Data presented as percentages were transformed to the corresponding arcsine values (Warren and Gregory, 2005) before being statistically analyzed. The differences among means were tested using Duncan's New Multiple Range Test (Duncan, 1955) .
RESULTS AND DISCUSSION
Climatic conditions:
Averages of AT, RH% and THI units during the whole experimental period are shown in Table 1 . The THI values clearly indicated an absence of heat stress conditions (less than 27.8) during winter season. While during summer season rabbits were exposed to moderate heat stress (28.8). It was suggested that the optimal temperature humidity index for the rabbit husbandry is 27.8 (Marai et al., 2001) .
Productive and reproductive performances: 1-Growth performance: 1-1. Effect of season:
Results in Table 2 showed significant differences (P≤0.05) between season groups in body weight, body weight gain (DBWG) and feed efficiency of weaned NZW rabbits. Elevating THI, during summer season significantly (P≤0.05) decreased growth performance traits and feed efficiency of growing NZW rabbits. These results agreed with those of Ondruska et al., (2011) and El-Sawy et al., (2014) . On the other hand, Daader et al., (1999) reported that difference in BWG between winter and summer was not significant. However, feed intake decreased by 40-50% at 30-32 o C (Rafai and Papp, 1984 and Wittorf et al., 1988) and by 30% in summer than in winter (Marai et al., 1994) and in hot (>32 º C) conditions (Hermes et al., 1999) . The reduction of DFI under summer hot conditions in the present study may be due to that the high ambient temperature stimulates the thermal receptors center in the hypothalamus causing a decrease in feed intake as mentioned by Marai et al., (1994 and . In contrast, the increased feed intake during winter may be due to the appetite increase of rabbits (Ashour et al., 2005) . Exposure to high ambient temperature pushes rabbits to balance the excessive heat load by using different means to dissipate, as much as possible, their latent heat. If such means fail, rabbits use strategies that include: depression in feed intake (Okab et al., 2008) . The reduction in BWG during summer season was due to a drastic decrease in rabbit FI and FC as compared with winter season, which might have led to less protein biosynthesis and less fat deposition (Okab et al., 2008 and Ogunjimi et al., 2008) . In addition, Bahga et al., (2010) showed that heat stress leads to decreased performance of growing rabbits in terms of decreased growth rate and FI.
1-2. Effect of Arak treatment:
Data presented in Table 2 showed that, FBW, DBWG at 70 days, and feed conversion values of growing NZW rabbits fed diet supplemented with 0.2% Arak were significantly (P≤0.05) higher during winter and summer season as compared with control groups while, no effect was detected on DFI. These results are similar to that reported by Ibrahim et al., (2005) ; El- Kholy et al., (2008a) and El-Sawy et al., (2014) . The significant (P≤0.05) increase in DBWG for rabbits received Arak at 0.2% level could be due to the better absorption of protein (Ibrahim et al., 2005) , bactericidal, antimycotic or antifungal properties of Arak as reported by Al-Samh and Al-Bagieh (1996) . Also, vitamin C, which is presence in Arak, has important role in various metabolic processes in the body via its regulation effect on thyroid and adrenal glands functions (McDowell, 2000) . This fact can explain the increase in LBW of treated groups. Beside that, sodium bicarbonate showing growth promoting response in most instances when included in diets of rabbits (Al-Shanti, 2003) . On the other hand, the minerals content in Arak (calcium, fluorine, and sulphur) can form structural components of body organs and tissues (Suttle, 2010) .
1-3. Effect of interactions:
Interactions between season and Arak supplementation effects were significant (P≤0.01) on FBW, DBWG and FC of NZW rabbits ( Table 2 ). The magnitude of improvement was the highest with Arak treatment in winter. At the same time, there were a negative interaction effects of the Arak treatment on the DFI in the two seasons. It is interesting to observe the insignificant differences in FBW between treated rabbits under summer season (S×T) and those untreated under winter season (W×C). Beside that, Arak addition for rabbits reared, during summer season (S×T) recorded insignificant differences in FC compared to those received the same treatment, under winter season (W×T). The same pattern of these results was observed by El-Sawy et al., (2014) . So, dietary addition of heat-stressed growing rabbits with 0.2% Arak restored the loss pertaining to heat stress and surpassed the winter control in DBWG, FC and FBW.
Blood biochemical traits: 2-1. Effect of season:
Blood biochemical parameters (within normal range) such as serum TP, Alb, Glob, ALT and AST were significantly (P≤0.05) higher in winter season than in summer one (Table 3 ). These changes in the blood biochemical parameters due to season effect was similar to that of Abdel-Monem et al., (2013) and El-Sawy et al., (2014) who found that blood biochemical traits were significantly lower (P≤0.01) in rabbits exposed to heat stress in summer season as compared to those reared in winter one.
The decrease in serum TP for weaned NZW rabbits in summer season group may be due to the decrease in DFI (as mentioned before) and dilution of serum proteins or both (Ondruska et al., 2011) . They add that, the decrease in the protein synthesis can be due to a depression of anabolic hormonal secretion such as growth hormone, thyroxin and insulin. In addition, Amici and Merendino (1996) showed that the decrease of TP has to be considered as an important biological indicator of deficiency in activity of the immune system function in heat stressed rabbits. Serum ALT and AST means were significantly higher during winter than summer that may be related with feed intake, which has the same trend. The more feed intake provides the body with more amino acids by protein digestion. This result came in harmony with El-Maghawry et al., (2000) who found that ALT and AST are dependent on alanine and glutamine taken by the liver and reflect metabolism changes in liver which associated with glucose synthesis.
2-2. Effect of Arak treatment:
The effect of treatment with Arak during winter and summer on some blood parameters were presented in Table 3 . The data showed that treatment with Arak significantly (P≤0.05) increased serum TP and its fractions (Alb and Glob) and liver enzymes of ALT and AST as obtained by Ibrahim et al., (2005) and El-Kholy et al., (2008b) . Arak (Salvadora persica) includes some immunity stimulators such as flavenoids, polyphenolic compounds and certain alkaloids (Fortun-Lamothe and Drouet-Viard, 2002) . The important biochemical indices that can be used to assess the health status of the liver are the serum levels of alb and glob. Albumin, which was manufactured by the liver, is a major protein that circulates in the blood stream (Tietz, 1986) . Increasing serum TP and their fractions (Alb and Glob) within the normal range may reflect an increase in the hepatic function (El-Harairy et al., 2003) . This phenomenon was observed in treated groups as compared to control group. As mentioned before, Arak increased the levels of ALT and AST but both increases were still within the normal ranges as indicated by the non-sign of toxicity. In addition, the increased values of blood biochemical traits in the treated groups as mentioned later, may be the reason of increased growth performance, whereas, Al-Eissa (2011) showed that biochemical parameters could be used to assess the metabolic condition of rabbits.
2-3. Effect of interactions:
It is evident from Table 3 that each of TP, Alb, Glob, ALT and AST significantly (P≤0.01 and P≤0.05) affected by season × treatment interaction and the highest estimates were by W×T and the lowest ones were by S×C. These results were in a good agreement with those of Ibrahim et al., (2005) and El-Kholy et al., (2008a) . The increase in globulin concentration with Arak inclusion in the heat stressed rabbit's diet as observed in the present study may be an indication of increased immunity in the rabbits since the liver will be able to synthesize enough globulins for immunologic action as mentioned by Sunmonu and Oloyede (2007) . Increase of glob concentration than alb is important for immunologic responses (Tietz, 1986) .
Genitalia traits at 70 days of age: 3-1. Effect of season:
Table 4 revealed that, season had high significant effect (P≤0.01) on FBW and all internal genitalia organs weight, except that insignificant effect on REW. Where, all those means were higher in winter than summer. These the increase in growth performance. Therefore, pre-slaughter weight is findings are in agreement with Meshreky Samia et al., (2005) . These might be due to reduced testosterone levels (Table 5) or feed consumption and deterioration of DBWG (Table 2 ) resulted in stressful hot conditions during summer season. Table 4 showed that values of relative weights of testes, epididymis and sexual-accessory gland weight increased significant (P≤0.05) with dietary Arak inclusion. These results were similar to those observed in mice where the inclusion of 800 mg/kg of an extract of Salvadora persica (Arak) increased the relative weight of the testes (Darmani, 2003) . The increase in internal genitalia organs weights for treated group may be mainly related to considered to be one of the most important factors affecting on internal genitalia organs weight in rabbits.
3-2. Effect of Arak treatment:
3-3. Effect of interactions:
Concerning, season and dietary of Arak supplementation interactions, it is clear that treated rabbits with Arak led to insignificant differences between both of seasons for each values of relative weights of testes, sexual-accessory glands and pituitary gland (Table 4 ). Moreover, these values did not differ than that of (W×C) group. This result is another evidence of the privilege of Arak during summer season than the winter season.
Reproductive performance at maturity: 4-1. Effect of season:
Results in Table 5 showed significant differences (P≤0.05) among season groups for weight and age at maturity, testicular index and testosterone concentration at 150 days of age for male NZW rabbits. These results agreed with those of Meshreky Samia et al., (2005) . The adverse effect of summer season on late of age at maturity, testicular index and testosterone concentration may be related to decrease on relative of testes weight for rabbits reared under summer season. El-Sobhy (2000) found that the testes of heat exposed animal's revealed significant focal degeneration in both seminiferous tubules and interstitial cells. However, Katongola et al., (1974) reported that decline in testosterone level during summer season causing disorders in accessory glands secretion and spermatogenesis. In addition, Jegou et al., (1984) mentioned that the reduction in testosterone level during summer season resulted from reduction in the ability of leydig and sertoli cells responding to luteinzing hormone.
4-2. Effect of Arak treatment:
The early maturity age was recorded with Arak groups either in winter or in summer seasons (Table 5 ). This result could be related to the maximum final body weight obtained with Arak dietary and also to the improving effect of Arak on testosterone concentration that leads to faster maturity. The early of age at maturity observed in the present results were similar to that observed in previous studies in rabbits with either other growth promoters (Amin et al., 2002 and Marai et al., 2006) or Arak supplementation (El-Kholy et al., 2008a) . Similar results were obtained by Meshreky Samia et al., (2005) , who found that age at maturity was related to testosterone concentration. The increase in serum testosterone concentration in treated groups can be attributed mainly to the increase in sexual accessory gland activity with dietary Arak inclusion (El-Kholy, 2008a) . This can affect the secretion of testosterone from the interstitial tissues of the testes (Al-Sobayil and Khalil, 2002) . Also, Castro et al., (2002) mentioned that testosterone is needed to initiate spermatogenesis at puberty and for the maintenance of this process in the adult. El-Sherbiny (1994) found that the onset of puberty involves the appearance of the first spermatozoa in the caudal epididymis of rabbit males. Moreover, the testicular index significantly increased (P≤0.05) in treated group as compared to control one (Table 5) , obtaining a maximum value at winter season. Testicular size is the best primary assessment of spermatogenesis, since the tubules and germinal elements account for approximately 98% of the testicular mass (Sherines and Howards, 1978) . The testicular index also reflects spermatogenesis and testosterone production (El-Mougy et al., 1991) . Arak inclusion had a significant effect on scrotal circumference (Table 5) .
4-3. Effect of interactions:
The interaction effects between season and treatment groups were significant on weight and age at maturity, testicular index and testosterone concentration, while it was insignificant on scrotal circumference (Table 5) . It was also observed that the insignificant differences were found among (W×C), (W×T) and (S×T) groups for weight and age at maturity and testicular index. These results could be a reflection of testosterone concentration, which had the same trend. So, this is sufficient to prove that Arak addition was more efficient and beneficial under the Egyptian summer condition.
Libido, mating activity and physical semen quality: 5-1. Effect of season:
It is evident from Table 6 that the libido, mating activity and the physical semen quality of NZW rabbit bucks during the winter season were highly significant (P≤0.01) better than those observed in the summer season. These results agree with the findings of Safaa et al., (2008) and Lavara et al., (2013) . It was established that semen volume increased and motility indexes decreased during summer (Roca et al., 2005) . Also, Finzi et al., (1995) reported that the daily exposure of rabbits in a climatic chamber to high ambient temperature (30 o C) and humidity (70%) for 21 hr over a 60 days period increased the number of abnormal spermatozoa. Mate rabbits are extremely sensitive to heat stress therefore a rise in testicular temperature in rabbits leads to reduced spermatogenesis; temporary sterility; decreased sexual desire, ejaculate volume, motility, sperm concentration, and total number of spermatozoa in an ejaculate; and increased sperm abnormalities and dead sperm (Marai et al., 2001) .
5-2. Effect of Arak treatment:
As regard to Table 6 the treatment effects were significant (P≤0.01) on all studied traits where the lowest values were for libido and acrosomal damage while the highest values were for mating activity, semen-ejaculate volume, advanced-sperm motility, live spermatozoa, morphological normal spermatozoa, sperm-cell concentration and total-sperm output, respectively. These increases are close to those obtained by El-Kholy et al., (2008a) .
The increase in sexual accessory gland weight in treated rabbits (Table  4) suggests that an increase in ejaculate volume occurred, since the accessory glands and spermatogenesis are controlled by the testosterone concentration, which was higher in treated rabbits. The observed effects on sperm concentrations and motility in the present trial are in agreement with those of Fields et al., (1979) , who observed that sperm concentration was positively correlated with motility and testicular size in young bulls. The decrease in acrosomal damage in the treated groups could be attributed to the antioxidant activity of Arak due to flavonoids, which can protect the plasma membrane that surrounds the acrosome and the tail. Accordingly, it seems that Arak may display an indirect role in rabbit spermatogenesis.
5-3. Effect of interactions:
Arak treatment × season interaction had significant (P≤0.01) effect on libido, mating activity and all physical semen quality. Untreated rabbit bucks during the summer season had the lower (P≤0.01) values of libido, mating activity, semen-ejaculate volume, advanced-sperm motility, live spermatozoa, morphological normal spermatozoa, sperm-cell concentration and total-sperm output, respectively while the higher (P≤0.01) value of acrosomal damage than the other three interactions as shown in Table 6 . It is interesting to see the insignificant differences between the treated rabbit bucks during summer season and the untreated one during winter in mating activity, semenejaculate volume, advanced sperm motility and live spermatozoa. This is another confirmation that treatment with Arak was more efficient and beneficial during summer season rather than winter season.
Conclusively, it could be concluded that dietary supplementation of NZW growing rabbit males till sexual maturity with 0.2% Arak powder improved some production and physical semen characteristics especially in the hot period of the year in Egypt. P., Piccioli Cappelli, F., Minuti, A. and Abbatangelo, M. (2005) .
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